Advances in morphometrics in archaeobotany by Portillo, M. et al.
This is a repository copy of Advances in morphometrics in archaeobotany.




Portillo, M. orcid.org/0000-0002-2703-031X, Ball, T.B., Wallace, M. 
orcid.org/0000-0002-2355-5565 et al. (5 more authors) (2019) Advances in morphometrics
in archaeobotany. Environmental Archaeology. pp. 1-11. ISSN 1461-4103 
https://doi.org/10.1080/14614103.2019.1569351
This is an Accepted Manuscript of an article published by Taylor & Francis in 





Items deposited in White Rose Research Online are protected by copyright, with all rights reserved unless 
indicated otherwise. They may be downloaded and/or printed for private study, or other acts as permitted by 
national copyright laws. The publisher or other rights holders may allow further reproduction and re-use of 
the full text version. This is indicated by the licence information on the White Rose Research Online record 
for the item. 
Takedown 
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 
Advances in Morphometrics in Archaeobotany  
 
Marta Portillo1, Terry B. Ball2, Michael Wallace3, Charlene Murphy4, Sebastián Pérez-Díaz5, 
Mónica Ruiz-Alonso5, Francisco Javier Aceituno6, José Antonio López-Sáez5 
 
1 University of Reading, Department of Archaeology, Reading, UK 
2 Brigham Young University, Department of Ancient Scripture, Provo, USA 
3 University of Sheffield, Department of Archaeology, Sheffield, UK 
4 University College London, Institute of Archaeology, London, UK 
5 CSIC, Institute of History, Madrid, Spain 
6 University of Antioquia, Department of Anthropology, Medellín, Colombia 
 
Abstract 
Morphometric analysis offers an alternative or augmentation to traditional archaeobotanical 
methods to address differences within and between plant species and their remains, refining 
and enhancing taxonomic resolution. Morphometrics, the measurement of size and shape, and 
the multivariate statistical analysis of generated quantitative variables, have long played a 
major role in biological research, including plant taxonomy and systematics, although its 
application in archaeobotany is relatively recent. Over the last few decades there has been an 
increasing interest in the use of morphometrics for analysing a varied range of archaeological 
plant materials (mainly seeds, pollen, phytoliths, and starch grains). In particular, 
morphometrics have contributed to the study of the domestication and spread of many cereals 
world-wide, as well as that of other taxa including legumes, underground storage organs 
(USO), and fruits (such as olives, grapes, and dates). This paper reviews current 
methodologies, recent applications, and advances in the use of morphometrics in 
archaeobotanical research, discusses its role in exploring major research questions, and 
suggests possible future directions for its use. 
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Morphometrics is the study of the form, comprising size and shape measurements of 
objects. Data generated from morphometric analysis can be used for the description and 
statistical analysis of form variation within and among objects and the study of changes in 
form (Rohlf and Marcus 1993). Morphometric analysis has become a powerful tool in 
archaeobotanical research over the last few decades, offering a quantitative alternative and/or 
extension to conventional archaeobotanical procedures.  
Morphometrics can be split into two main approaches. Traditional morphometrics 
involves the calculation of linear measurements and shape descriptors of objects. These 
include lengths and widths, as well as size-dependant descriptors such as areas and volumes, 
and shape measurements such as roundness and aspect ratio. In the 1980’s a new approach to 
morphometric analysis revolutionised the study of form. Known today as geometric modern 
morphometrics (GMM), this approach uses computer-assisted image analysis and the 
statistical theory of shape to establish comparisons among different objects by analysing 
object landmarks along different Cartesian coordinates (for historical reviews see Rohlf and 
Marcus 1993; Adams et al. 2004; for comparison of methods see Mitteroecker and Gunz 
2009, and references therein). With theoretical advances and increased application, GMM has 
proven especially useful in evolutionary biology studies, including taxonomy and 
systematics, as well as in anthropological, zoological and botanical research.  GMM has also 
been used in archaeological research. A pioneering application of GMM in archaeology 
explored the alignment of megalithic standing stones (Kendall and Kendall 1980; Kendall 
1984). Since the work of the Kendalls, GMM has been applied in artefact studies, such as 
lithics and pottery (e.g. Archer and Braun 2010; Thulman 2012; Wilczek et al. 2014), and in 
zooarchaeological studies such as the taxonomy, domestication and spread of suids (e.g. 
Cucchi et al. 2009, 2011a; Evin et al. 2013, 2015), dogs (Drake et al. 2015), horses (Seetah et 
al. 2014), and rodents (Cucchi et al. 2011b, 2014; Valenzuela-Lamas et al. 2011). 
Over the last three decades both landmark-based and outline-based GMM, as well as 
traditional morphometric analysis, have been used in archaeobotanical research. The ability 
of these morphometric analyses to quantify subtle size and shape differences among plant 
macro-remains such as seeds and charcoal, as well as micro-remains such as phytoliths, 
pollen and starch grains, has helped archaeobotanists improve taxonomic resolution, 
especially when the diagnostic features of taxa overlap. Further, morphometrics has helped 
researchers better study within-species variations in plant remains, giving them the ability in 
some cases to recognize below-species varieties or landraces, an ability normally beyond the 
scope of traditional archaeobotanical approaches. Morphometrics has developed 
independently in the various archaeobotanical disciplines. This is to be expected due to the 
differences in the kinds of plant remains studied and their taphonomy, as well as the varied 
range of research questions pursued in the different disciplines. 
In this paper we will present an overview of advances in the use of morphometrics in 
archaeobotanical research for various types of plant remains, its applications in improving 
taxonomic resolution, and its contributions to addressing major research questions and 
challenges in archaeobotany. We will also discuss several possible future directions for 
morphometric analysis being explored by archaeobotanists and propose further perspectives 
and possible route-ways of development in the conclusions. 
 
An overview of morphometrics in archaeobotany 
 
Seeds 
The importance of accurate taxonomic identifications has long been recognised in the study 
of macroscopic archaeobotanical remains (e.g. Goddard and Nesbitt 1997; Jones 1998). 
Macroscopic identification is normally based on key diagnostic features of remains (most 
often seeds) which are usually distinctive to the level of genus or species. Although a rapid 
and efficient method for identification, the recognition of diagnostic features is ill-suited to 
quantifying variation within a population. Consequently, taxonomic identification by eye has 
long been aided by morphometric analysis. The size of seeds has, in some cases, been shown 
to aid the differentiation of taxa, most commonly to distinguish wild progenitors and 
domesticates of a crop, for example for lentil seeds (van Zeist and Bakker-Heeres 1985). 
Further, decades of measuring seeds has produced a large body of data that allows changes in 
crop seed size to be charted during and after domestication (e.g. Willcox 2004; Fuller 2007; 
Fuller et al. 2017). While these findings are invaluable in understanding the origins of 
agriculture, the gradual increase in crop seed size in the data indicate, and a lack of a “step 
change” in size associated with domestication, casts doubt on the appropriateness of size as a 
means to achieve progenitor-domesticate distinction for individual remains. Shape 
measurements have also proven to be informative for taxonomic distinction. Shape analysis 
of seeds has long been based on the ratio of linear measurements. For example, grain 
breadth:thickness ratios can differentiate some wheat species (Colledge 2001), various 
lengths of grape pips can differentiate some wild and cultivated forms (Mangafa and Kotsakis 
1996; Fuller 2018) and various shape descriptors (e.g. solidity and elongation) aid the 
identification of  Myosotis seeds (Brinkkemper et al. 2011).  
In recent years shape analysis based on GMM has provided the ability to achieve 
levels of taxonomic accuracy not usually possible based on traditional approaches. In 
particular, studies of present-day fruit crop remains, traditionally identified only to genus, 
have shown that both species and variety can be distinguished by GMM analysis, for 
grapevine pips (Vitis vinifera L.) (Terral et al. 2010; Orrù et al. 2013), date palm seeds 
(Phoenix dactylifera L.) (Terral et al. 2012), cherry stones (Prunus avium L.) (Burger et al. 
2011) and olive stones (Olea europaea L.) (Terral et al. 2004, 2014; Newton et al. 2006). In 
these cases, outline-based GMM, often with two homologous landmarks for alignment, has 
been especially effective. These advances in morphometric analysis have had a profound 
impact on the study of fruit crops, providing the means to chart the use and spread of 
individual varieties through the archaeological record, opening an entirely new avenue to the 
study of fruit crops (Terral et al. 2010; Bouby et al. 2013; Pagnoux et al. 2015). 
A persistent concern for archaeobotanists in the use of morphometric analysis for 
studying seed remains is the effects of charring during seed preservation, which alters both 
seed size and shape. The effects of charring on fruit crop seeds have been extensively studied 
experimentally (e.g. Bouby et al. 2018; Ucchesu et al. 2016). These studies show that 
although charring does increase variation in the shape of remains, the predictability of the 
effect still allows for informative GMM analysis. It has long been established that the 
charring of starch-rich cereal seeds tends to shorten and broaden the seeds (Wilson 1984; 
Boardman and Jones 1990; Charles et al. 2015). Comparisons of seeds pre- and post-charring, 
however, has demonstrated that the effect on shape (rather than size) is modest and consistent 
for both barley (Ros et al. 2014; Bonhomme et al. 2017) and wheat grains (Bonhomme et al. 
2017). Thus, while extreme charring conditions will eventually result in severe distortion 
(e.g. Braadbaart 2008), if researchers target well-preserved remains for analysis, i.e. those 
lacking gross charring deformations (Charles et al. 2015), the effects of charring need not 
prevent informative morphometric analysis. The potential of GMM to contribute to 
identifications of charred material has already been demonstrated for millets, for which 
landmarks around the embryo scutellum have been shown to differentiate species normally 
grouped only at the genera level (García-Granero et al. 2016). 
Successes in the GMM study of fruit crop remains and reassuring results from 
charring experiments, thus, indicate that morphometrics of plant macro-remains has the 
potential to greatly aid the taxonomic accuracy of identifications (such as for wild seeds or 
crop remains with overlapping diagnostic features) and to provide novel data for as yet 
understudied aspects of archaeobotanical research, such as the role of landraces in early 
agriculture (Wallace et al. 2018).  
 
Wood charcoal 
Limitations on taxonomic resolution in anthracology can vary considerably with taxon, in 
some cases only allowing identification to family, subfamily, or genus level. For some 
species with great economic importance, these limitations can be extremely important. For 
example, it is not possible using traditional methods to differentiate anatomically between 
cultivated and wild species in Olea and Vitis. To solve these taxonomic problems, researchers 
in recent years have sought to deepen their knowledge of these taxa, beyond anatomy, using 
different methodologies, including morphometric analyses. 
Morphometric studies of woody material have been conducted gradually and 
increasingly over the last few decades (e.g. Badal-García 1984; Grau-Almero 1984; Vernet et 
al. 1987; Solari 1988 cited in Durand and Terral 2005). In recent years, morphometrics have 
been used to identify quantitative differences in the anatomical characteristics of wood and 
charcoal among wild and cultivated taxa. For example, various statistical procedures have 
been used to analyze morphometric data such as growth ring width, the number of vessels per 
group, vessel surface area and vessel density, in the study of wild and domesticated olive and 
grape taxa (Terral 1996, 1997a and b, 1999, 2000, 2002; Terral and Arnold-Simard 1996; 
Durand and Terral 2005). Further, we know that environmental conditions can modify the 
anatomical structure of wood by influencing its growth and development. For example, 
humidity, drought and pruning can all affect wood density (Schweingruber 2007; 
Schweingruber et al. 2008; Terral et al. 2009). This suggests that morphometric analysis of 
any anatomical changes conditioned by the environmental changes that result from the 
management of crops have the potential to discriminate between wild and cultivated species, 
and significantly impact future research. 
 
Phytoliths 
Morphometrics has become a valuable tool for identifying or distinguishing between 
phytoliths produced by closely related species in certain taxa. Morphometric phytolith 
research was pioneered by Ball and colleagues (Ball and Brotherson 1992; Ball et al. 1993) 
and Rovner and Russ (1992). As morphometric techniques are becoming more widely used in 
recent years, the board of the International Phytolith Society (IPS) appointed the International 
Committee for Phytolith Morphometrics (ICPM) to establish methodological standards for 
the discipline. The current recommendations for a paradigm for its application, criteria for 
data collection, reporting and publication, key terms and definitions for basic measurements, 
and software for computer-assisted image analysis can be found in Ball et al. (2016). 
Most phytolith morphometric studies are based on measurements of the size and shape 
of individual or single-celled phytoliths. Pearsall et al. (1995) and Zhao et al. (1998) used 
morphometric analysis to distinguish between wild and domesticated rice phytoliths. Ball and 
colleagues (1996, 1999) developed morphometric paradigms for discriminating between 
inflorescence morphotypes produced by several species of wheat and barley (for a review see 
Ball et al. 2009). Portillo et al. (2006) used those paradigms for differentiating between 
inflorescence phytoliths from several oat species, while Vrydaghs, et al. (2009) used these for 
distinguishing the volcaniform morphotypes of bananas. Lu et al. (2009), Zhang et al. (2011, 
2018), Kealhofer et al. (2015) and Ge et al. (2018) applied morphometrics for differentiating 
between millet species, and Out and colleagues (2014, 2016) used morphometric methods for 
differentiating between bilobate phytoliths produced by the leaves of millet crops. The 
development of such identification methods for leaves and other parts of cereals is expected 
to facilitate the detection of crop by-products at archaeological contexts and therefore their 
use as fodder, basketry, thatching, building material, or fuel (Out et al. 2014, Out and 
Madella 2017). 
Morphometric analyses of phytoliths have been applied in investigating early crop 
processing, storage, and food supply, non-dietary secondary products such as cereal by-
products, livestock dung, and the symbolic value of plants in burial rituals (Berlin et al. 2003; 
Albert et al. 2008; Portillo et al. 2009, 2010, 2013; Portillo and Albert 2011, 2014a-b; PetQ et 
al. 2013; Out et al. 2016; Wang et al. 2016). As a case-study, integrated biochemical and 
plant microfossil analyses, including phytolith morphometrics and starch analyses, revealed 
an advanced beer-brewing technology defined by specialised tools and favourable 
fermentation conditions around 5,000 years ago, thus predating macro-botanical remains of 
barley in China by 1,000 years (Wang et al. 2016). In this study phytoliths from barley 
(Hordeum vulgare) were successfully identified by applying a recently developed method 
based on the morphometrics of articulated or multi-celled dendritic phytoliths (Ball et al. 
2017).  
The development of phytolith systematics using morphometrics faces some 
challenges. For example, the morphometry of articulated phytoliths is still understudied.  
Moreover, size parameters for phytoliths often appear to have restricted diagnostic strength 
due to variation caused by environmental conditions and the amount of silica accumulation 
within plant cells. Fortunately, variables of shape appear to be more reliable since they seem 
to be less influenced by environmental conditions (Ball and Brotherson 1992), but more 
research needs to be conducted on the effects environmental and taphonomic factors have on 
phytolith morphometry to confirm this.  
 
Pollen 
Morphometric pollen research was pioneered by Firbas (1937), Rowley (1960), Beug (1961), 
Andersen and Bertelsen (1972), Andersen (1978), Köhler and Lange (1979) and Dickson 
(1988). More recently, Tweddle et al. (2005) and Joly et al. (2007) have shown the value of 
applying multivariate statistical analysis in pollen morphometrics as they studied a large 
Holocene pollen morphometric dataset obtained from a series of well-dated profiles from 
England and North-western France respectively.  
To date, morphometric analyses have primarily been used in archaeopalynology to 
distinguish among cereals and wild Poaceae pollen (Leroi-Gourhan 1969; Bottema 1992; 
Diot 1992; López-Sáez et al. 2003, 2013). These analyses have proven to be of great 
importance in the study of the origin and diffusion of agriculture at different temporal and 
spatial scales, as well as in the determination of ecosystem resilience and vulnerability 
patterns in the face of human impact and climate variability (Gil-Romera et al. 2010; Cruz et 
al. 2014; Lillios et al. 2016; López-Sáez et al. 2016; Arranz-Otaegui et al. 2017). For 
example, in the absence of macro-remains, pollen morphometric studies have been used to 
identify the first evidence of agriculture in Northern and Southern Spain and Portugal 
between the 6th and the 4th millennia cal. BC (López-Sáez et al. 2005, 2007, 2010, 2011and b; 
López-Merino et al. 2010; Cortés et al. 2012). However, it is necessary to point out that 
because preservation issues sometimes prohibit accurate or confident identification of pollen 
surface patterns (Tweddle et al. 2005) the findings of these studies must be supported by the 
taphonomic considerations of each sedimentary deposit (López-Sáez et al. 2003, 2006). 
Based on morphometric features, researchers have been able to distinguish the 
monoporate “Cerealia” pollen type produced by cereal species and a limited number of native 
wild grasses (Beug 2004; Behre 2007), from the pollen of many undomesticated grasses. 
They have even been able to separate the Cerealia pollen type into different subtypes on the 
basis of pollen and pore diameter, annulus width and surface structures (Tweddle et al. 2005). 
For example, in Western Europe, a pollen grain diameter greater than 45 µm and an annulus 
diameter greater than 8 µm is typical of cereals (Beug 2004; López-Sáez and López-Merino 
2005). However, in the seaboard and precoastal areas where the indigenous grass species 
have larger sized pollen grains the morphometric threshold for cereal pollen identification has 
to be raised to 47 µm and 11 µm for grain and annulus diameters respectively (Joly et al. 
2007).  
Morphometric studies have also been used to differentiate between hemp (Cannabis 
sativa) and hop (Humulus lupulus) pollen (Guerra-Doce and López-Sáez 2006). Cannabis 
spp. and Humulus spp. have very similar triporate (rarely with 4 or 2 pores) grains. They 
were initially included in the Humulus lupulus-type by Punt and Malotaux (1984) and in the 
Cannabis sativa-type by Moore et al. (1991), although currently both are usually referred as 
Cannabis/Humulus-type in most pollen diagrams (Long et al. 2017). Hemp has been an 
important economic crop of Eurasia (Long et al. 2017). However, because hemp and hop 
pollen are so similar, in the absence of seeds (achenes) or fibres, it has been difficult for 
researchers to confidently infer local hemp cultivation of male plants and/or site retting from 
simple variations in the values for Cannabis/Humulus-type pollen (Gaillard and Berglund 
1988; Edwards and Whittington 1992; Mercuri et al. 2002). Morphometrics have helped 
solve the problem. Godwin (1967), Whittington and Gordon (1986), Whittington and 
Edwards (1989), Fleming and Clarke (1998) and Mercuri et al. (2002) were able to use 
differences in such morphometrics as exine, pore protusion and grain size to differentiate 
between the two genera. 
 
Starch grains 
Starch grain analyses have produced significant data for understanding the use of plants in the 
past and the origin of agriculture in different regions of the world (Ugent et al. 1986; Loy et 
al. 1992; Piperno and Pearsall 1998; Denham et al. 2003; Barton 2005; Fullagar et al. 2006; 
Dickau et al. 2007; Aceituno and Loaiza 2014). Moreover, in recent decades, analysis of 
ancient starch has assumed a significant role in bioarchaeological studies (Piperno 2006; Gott 
et al. 2006; Wilson et al. 2010; Pagan 2015; Torrence 2006a) and in studies of the 
preservation of these organic residues in different contexts such as stone tools, pottery, soils, 
and dental calculus (Barton and Matthews 2006; Hardy and Piperno 2008; Hardy et al. 2009). 
In most archaeological studies of starch, taxonomic identification is made by comparing the 
gross or general size, shape, and optical attributes of ancient granules with those of reference 
collections (Torrence 2006b; Ugent 2006), but a limited number have developed automated 
systems of identification (Torrence et al. 2004; Wilson et al. 2010; Aceituno and López-Sáez 
2012; Coster and Field 2015; Arráiz et al. 2016; Mercader et al. 2018). 
Morphometric analysis has helped researchers to quantify the morphologic variability 
and shape of starch grains. For example, Torrence and colleagues (2004) used multivariate 
statistical analysis of starch grain surface area measurements, along with qualitative criteria, 
to discriminate among grains produced by different taxa in Papua New Guinea. Aceituno and 
López-Sáez (2012), in a case study on modern starch grains of the Iberian Peninsula, were 
able to distinguish among several species of wheat and barley starch grains, grasses with 
similar granules by combining a cluster analysis of size measurements. Arráiz et el. (2016) 
and Mercader et al. (2018) analysed starch grains produced by plants exploited by indigenous 
communities in Sub-Saharan Africa to evaluate morphometric variations among taxa and the 
reliability of large datasets; the latter work is the largest reference collection published to 
date, consisting of 23,100 starch granules from 77 species. 
There are yet many avenues in which morphometric analysis of starch grains need to 
be explored and improved. For example, Coster and Field (2015) have discussed and 
illustrated the possibility of developing classifier learning algorithms by taking reference 
measurements  (e.g. area, perimeter and position of centre of mass) of starch grains of known 
plants and then using the algorithms to place measurements of unidentified samples, such as 
archaeological samples, into known groups or  categories. Furthermore, could a GMM type 
approach that relies on the measurement of a high number of reference points on a set of 
starch grains provide data to more objectively compare archaeological samples and reference 
collections? We note that any such measurements could, and should, consider both 2-D and 
3-D morphology and orientation as the grain shape changes depending on the plane that is 
being observed. Perhaps even the simple calculation of the averages, standard deviations and 
confidence intervals for the average measurements of grains could provide data that would 
help researchers more reliably compare the values of the archaeological starch grains with 
those of reference collections. In conclusion, the application of specialised software and 





The application of morphometric approaches in archaeobotany has matured over the last few 
decades. Morphometrics have been shown to improve both the identification and 
interpretation of a wide range of plant macro and micro-remains. These have particularly 
contributed to the study of the domestication and spread of many crops around the globe, 
such as cereals and legumes, underground storage organs (USO), and fruit crops, including 
olives, grapes, dates, and bananas (e.g. Terral et al. 2004, 2010, 2012; Willcox 2004; Fuller 
2007, 2017; Ball et al. 2016, and references therein). 
Although much has been accomplished, the possibilities for future avenues of 
morphometric research in archaeobotany remain many and critical. Several specific priority 
areas for future morphometric research have been identified for individual fields of 
archaeobotany above, but three general priorities for morphometric archaeobotany are 
highlighted here. First, a key consideration is that the range of taxa in each respective field of 
archaeobotany is narrow, and it is critical that taxa important to archaeological research 
questions are targeted for morphometric research. Second, the availability of published 
morphometric data and the standardisation of protocols requires attention in many fields, and 
perhaps here the efforts in the phytolith community can guide or inspire others (Ball et al. 
2016). The standardisation of morphometric protocols is especially important as new 
approaches become more widely available, for example 3-D shape data is becoming easier to 
acquire and poses challenges that differ from those of handling 2-D data. The potential 
contribution of developing the powerful visualization tools of GMM to further investigate 
micro-botanical remains such as phytoliths, pollen and starch grains also needs to be 
evaluated. Thirdly, a common concern is the need for better understanding of the effects of 
environmental factors, such as growing conditions, as well as taphonomic aspects, such as 
charring, on plant remain morphometry. Understanding the role of the many factors that can 
influence the morphometry of plant remains is critical to reliable and robust application of 
morphometrics in archaeobotany. 
Through further experimentation to validate morphometric approaches and to improve 
the efficiency of methodologies, archaeobotanical morphometrics can address a broad range 
of archaeobotanical challenges and major research questions (e.g. Bonhomme et al. 2016). As 
this research is conducted, we anticipate that over the next few years morphometrics will 
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